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Thelephora terrestris (Erhr.) Fr. is a very common ectomycorrhizal symbiont (ECM) in 
conifer trees, however the role of this ubiquitous fungus in nurseries and Scots pine plantations 
is still unknown. It is described as tolerant of high nitrogen availability and therefore was taken 
into consideration as an important ECM partner of seedlings, particularly after replanting on 
post agricultural land. In laboratory the seedlings of Scots  pine (Pinus sylvestris L.) were 
inoculated with T. terrestris (Tt/IBL/2) or not inoculated (control) and grown in containers 
in two different regimes of nitrogen fertilization (4g N x kg 1 and 6 g N x kg 1). Next year 
these seedlings were outplanted in post agricultural land and  6 months later, the number 
and identity of some mycorrhizas were studied. It was found, that mycorrhizal abundance 
was higher in the inoculated treatments than in non inoculated ones. PCR RFLP analysis 
conﬁrmed share of two different isolates of Thelephora engaged in mycorrhizal symbiosis. 
Part of mycorrhizas had the same pattern of RFLP as the isolate used to inoculation. Similar 
results were obtained in second year of experimental study in the ﬁeld what conﬁrmed the 
persistence of artiﬁcially introduced T. terrestris in post agricultural soil as an important 
component of the ECM community.
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INTRODUCTION
The root systems of most forest trees, including pines, form ectomycorrhizas 
(ECM) with various fungi. ECM colonization rate and species composition play 
an important role in the stability of forest ecosystems (Hase lwandter , Bowen 
1996), especially on disturbed soils (Mul l in s  et al. 1989). Successful afforestation 
requires the early capture of site resources by tree seedlings. Early growth assures 
space, a continuing resource supply and vigour to resist pests, pathogens and cli-
matic stress (Per ry  et al. 1987).
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In order to improve adaptation of pine seedlings destined to non-forest soils the 
artiﬁcial inoculation has been successfully used (Ber ry ,  Marx  1978; Cas te l l ano 
1996). According to the National Afforestation Programme estimated area of aban-
doned lands that should be afforested is about 1.5 millions ha (Grzywacz  2000). 
Most frequent morphotypes identiﬁed on such sites were Pisolithus tinctorius, Sclero-
derma citrinum, Thelephora terrestris, Suillus sp., Tuber sp., Tomentella sp. (Dan ie l -
son  1991; H i l s zczańska  2002). The natural variability makes it necessary to de-
velop selection strategies for ECM fungi as inocula in forest nurseries. The majority 
of screening programmes search for isolates that increase nutrient uptake and plant 
growth. Recent years have seen an increased awareness of the additional beneﬁts of 
a fungal partner in the root system. Hence, different criteria may be used to select 
inoculant mycorrhizal fungi unrelated to ability to increase growth rates or nutrient 
uptake (Dodd ,  Thomson  1994). B owen  (1994) claims that fungi used as inocula 
should be related and appropriate to soil conditions such as humidity, texture, chem-
istry and nutrient availability. T. terrestis is a  very common ectomycorrhizal symbiont 
and occurs on a wide variety of soils, including non-fertilised and highly fertilised, 
mineral or peaty soils, and in dry or wet conditions (Co lpaer t  1999).
In presented study T. terrestris mycelium was used as inoculum for seedlings which 
were grown in control conditions in the laboratory. After inoculation two different 
nutrient supply were applied and next year later, 1-year old seedlings were outplant-
ed on post-agricultural land. The aim of this work was to estimate the presence and 
share of T. terrestris mycorrhizas.
MATERIALS AND METHODS
For the laboratory study, the selected seeds of P. sylvestris were taken from Gene 
Bank in Kostrzyca, Poland and surface sterilised for 15 min. in 30 % hydrogen per-
oxide. The seeds were sown to containers (Root Trainer, v 123 cm3) containing a 
previously autoclaved mixture of peat moss and vermiculite (2:1, v/v). Nitrogen was 
the growth limiting element and consisted of 47.4 %  ammonium and 52, 6 % nitrate. 
In one variant used, each plant was fertilized with 0, 2g N per plant, that gives 4g N x 
kg-1  of soil (low N), and in second variant each plant was fertilized with 0,3 g N per 
x kg-1  of soil plant - 6g x kg-1  of soil (high N). The pHKCl of soil was 4.1 The experi-
ment was carried out during 1 year in a growth chamber with a day/night rhythm of 
18/6 h and 22/15ºC at least 70% relative air humidity. Inoculation of  seedlings was 
done 28 days after sowing, with blended mycelium of Thelephora terrestris (Erhr.) 
Fr. (Tt/IBL/2, isolated from the fruitbody); each seedling received 5 ml of mycelium 
suspended in deionised water (0.025 g mycelium per plant). Seedlings were grown 
in four treatments: 1- high N and inoculation, 2- low N and inoculation, 3- high 
N without inoculation, 4- low N without inoculation (Hi l s zczańska ,  S ie ro ta 
2006). Six months after inoculation, 15 seedlings from each treatment were selected 
randomly for determination of the degree of mycorrhizal colonisation. Next year, at 
the beginning of spring 2004 seedlings were outplanted on post agricultural land in 
Jabłonna Forest District. Within the area, mean annual precipitation is about 522.8 
mm and average temperature during the growth season is ca. 8.4ºC. The land had 
been  abandoned for over 1- year prior to our study. The site is characterised by 
sandy soil, corresponding to vaccinio-myrtilliosa forest type. Planting was carried out 
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in the scheme of randomised block design with four treatments as previously. Soil 
samples (cores were taken to a depth of 20 cm at 5 different location)  were collected 
in April 2004. Soil pHKCl and the basic nutrients were determined (Tab. 1).
After the ﬁrst growing season (2004) and next after the second year (2005) sam-
ples of plants (15 plants from each treatment) were taken in order to assess the 
presence of T. terrestris mycorrhizas and the composition of the ECM communities. 
Prior to investigation, each root systems were excised from the stems and washed in 
tap water. Mycorrhizal tips were counted and morphotyped as described by Agerer 
(1987-1997), Ing leby  et al. (1990) and Par lade  et al. (1996). 
The morphotypes which did not match any of those presented in cited material 
were classed as unidentiﬁed. In order to conﬁrm that morphotyping was well done, 
22 mycorrhizal tips from all treatments were taken to DNA analysis with PCR RFLP 
method, conducted  in the Institute of Biology and Biochemistry. The fungal speciﬁc 
primer ITS1-F (G ardes ,  Bruns  1993) and universal primer ITS 4 (W hi te  et al. 
1990) have been used for ampliﬁcation by PCR. If only one DNA band was present 
per sample (conﬁrming that all DNA came from one source only), the product was 
used for RFLP analysis. Digestions with the restriction enzymes Hinf I, Mbo I and 
Taq I were performed using 18 ul DNA from ampliﬁcations of mycorrhizal origin. 
Analysis of the restriction patterns was made on 2,4 agarose gels which were stained 
with ethidium bromide.
The variability of mycorrhizas was assessed by analysis of variance (ANOVA), 
signiﬁcant differences of means were compared by LSD (P<0.05) (StatSoft, Inc. 
(2005). STATISTICA (data analysis software system, version 7,1. www.statsoft.com) 
1998).
RESULTS
After the ﬁrst season, irrespective of nitrogen amount, higher number of mycor-
rhizas possessed the inoculated seedlings than non-inoculated ones (Fig. 1A). At in-
oculated treatments number of mycorrhizas did not differ signiﬁcantly between low 
N and high N: 659 and 728, respectively. At non-inoculated treatments the number 
of mycorrhizas was signiﬁcantly lower; in low N - 489 and in high N - 328. The dif-
ferences between inoculated and non-inoculated seedlings were also statistically sig-
niﬁcant.
After the ﬁrst growing season, the mycorrhizas at inoculated treatment with high 
amount of N were mostly formed by T. terrestris (Tab. 2), while at treatment with 
low N mycorrhizas formed by Hebeloma sp. had the highest number. Moreover, the 
last mycorrhizas were dominant morphotype on non-inoculated seedlings, irrespec-
Tab le  1
Mean content of minerals in the soil 20 cm deep (g x kg 1) and pH
C N Ca Mg K P S Al pHKCL
8.3 0.85 1.17 0.67 0.75 0.63 0.10 5.55 4.48
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tive of N level. At all treatments percentage of mycorrhizas formed by Amanita sp. 
varied from 5 to 10 %.
Mycorrhizas formed by Thelephora sp. at non-inoculated treatment belonged to a 
strain that we called as Thelephora II – indigenous in that soil. It has been conﬁrmed 
by PCR RFLP analysis (Tab. 3). Thelephora I was the same strain that had been 
used to inoculation. Assessment of the accurate number of mycorrhizas formed by 
both strains was not possible  due to lack of morphological differences. Among  all 
Fig. 1. Number of mycorrhizas on Scot pine seedlings: A ﬁrst growing season, B the second 
growing season. Statistically signiﬁcant differences between the treatments (1 high N and in
oculation, 2 low N and inoculation, 3 high N without inoculation, 4 low N without inocula
tion) are designated by different letters. Error bars indicate standard error of the mean.
Tab le  2
Frequency of mycorrhizal morphotypes on root tips of Pinus sylvestris seedlings under 
different treatments in 2004 and 2005
Morphotypes
Year 2004 Year 2005
Inoculated Non  inoculated Inoculated Non  inoculated
High N Low N High N Low N High N Low N High N Low N
Amanita sp.
Hebeloma sp.
Suillus sp.
Thelephora 
terrestris
Unidentiﬁed
10.0
10.0
75.0
5.0
5.0
60.0
30.0
5.0
4.0
80.0
10.0
6.0
8.0
75.0
15.0
2.0
10.0
30.0
60.0
25.0
5.0
70.0
10
5.0
35.0
50.0
5
25.0
5.0
65.0
Tab le  3
Approximate restriction fragment sizes (bp) of the ampliﬁed fungal ITS region 
of T. terrestris mycorrhizas
Fungus ITS Hinf I Mbo I Tag I
Thelephora terrestris (pure culture) 680 315 240 103 360 225 60 295 270
Thelephora  (I) 663 318 242 105 365 226 58 297 270 65
Thelephora  (II) 718 228 208 134 115 245 236 155 67 295 224 108 98
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mycorrhizas analysed by PCR RFLP method, strain Thelephora I was found in 36 % 
of samples and strain Thelephora II in 64 % of samples.
After the second growing season, irrespective of inoculation or fertilization, all 
seedlings possessed higher number of mycorrhizas than after the ﬁrst growing sea-
son. The highest number of mycorrhizas was observed at inoculated treatment with 
high amount of N and the lowest one at non- inoculated treatment with high amount 
of N (Fig. 1B). Mycorrhizas of T. terrestris were found on seedlings at all treatments, 
but the highest share was found at treatment inoculated with low N (Tab. 2). In my-
corrhizal structure emerged mycorrhizas of Suillus sp. that had similar percentage at 
high level of N in case inoculated and non-inoculated treatments. The highest per-
centage of those mycorrhizas was noticed at non-inoculated treatment with high N. 
According to PCR RFLP analysis (which was successful in case of 30 mycorrhizas) 
the percentage of mycorrhizas formed by Thelephora I was about 30%, whereas by 
Thelephora II was 70%. 
DISCUSSION
After  two growing seasons following plantation establishment, the Scots pine 
seedlings inoculated with T. terrestris showed signiﬁcantly higher number of mycor-
rhizas than non-inoculated seedlings (Fig. 1A and B). The morphotypes of T. terres-
tris were also found on non-inoculated seedlings, it was clearly conﬁrmed, that these 
ones were formed by indigenous strain of T. terrestris colonising only the limited part 
of roots, however. The other observed mycorrhizas were similar to those commonly 
observed in forest nurseries (Menk i s  et al. 2005).
The dominant mycorrhizas on non-inoculated seedlings and seedlings that were 
grown at low N fertilization belonged to Hebeloma sp. After second growing sea-
son the number of these mycorrhizas in root system was rather small. According to 
Guidot  et al. (2003) some fungi as H. cylindrosporum were replaced by others even 
after one growing season and do not necessarily contribute to next generation of my-
corrhizas. Similar results described Menk i s  at al. (2005).The results indicate that 
i) the success of mycorrhizal inoculation in the ﬁeld largely depends on fungal spe-
cies, both used in mycorrhization and existing in the local soil, and ii) the ecological 
conditions of the soil will drive mycorrhizal colonisation at a given site (McAfee , 
For t in  1985). This site was suitable for T. terrestris since after second season the my-
corrhizas were the dominant morphotype. Even if inoculated strain was in small por-
tion, compare to the indigenous one, it was still present. This might suggested that T. 
terrestris is a strong competitor or that can thrive in species-poor communities. 
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Trwałość ektomikoryz Thelephora terrestris u sadzonek sosny w uprawie
S t r e s z c z e n i e
Sadzonki sosny zwyczajnej Pinus sylvestris L., mikoryzowane grzybnią Thelephora terrestris 
i nie mikoryzowane (kontrola) hodowano w laboratorium w dwóch wariantach nawożenia (4g 
N x kg 1 and 6 g N x kg 1) a po roku wysadzono na gruncie porolnym. W ciągu dwóch sezonów 
wegetacyjnych badano stan ilościowy i jakościowy mikoryz oraz określono tożsamość partnera 
grzybowego. Wyższą ogólną liczbą mikoryz charakteryzowały się sadzonki sztucznie miko
ryzowane. Analiza DNA grzybowego przeprowadzona metodą PCR RFLP wykazała, że na 
badanych korzeniach mikoryzy T. terrestris tworzone były przez dwa izolaty Thelephora; izolat 
użyty do inokulacji siewek (Thelephora I) i izolat obecny w glebie (Thelephora II). Mikoryzy 
tworzone z udziałem inokulowanej grzybni obecne były na korzeniach jeszcze w dwa lata po 
wysadzeniu sadzonek na gruncie porolnym i stanowiły 30% udziału, podczas gdy mikoryzy 
autochtoniczne Thelephora II  70%.
